Nevada may have occurred between 18,500 and 9000 years before present.
Introduction
In a recent paper Benson and Thompson [1987a] suggested that the timing of the last highstand lake in the Lahontan basin was associated with change in the mean position of the jetstream during the Late Wisconsin. Recent atmospheric global climate model (AGCM) results [Kutzbach and Wright, 1985; Manabe and Broccoli, 1985; Kutzbach and Guetter, 1986; Kutzbach, 1987; and Rind, 1987 ] support this concept. These studies have shown that between 18,000 and 15,000 years before present (yr B.P.) significant changes occurred in the glacial age circulation at both the surface and jetstream levels that primarily were the result of glacial age lower boundary conditions (ice-sheet size, sea level, sea-ice extent, sea-surface temperature, and land albedo). This widespread change indicates the possibility that the This paper is not subject to U.S. copyright. Published in 1989 by the American Geophysical Union. 
FiB. 2. Graph comparin8 the L•ontan lake-level record with the distribution of unadjusted 8round-water abes Jn the •ucca Mountain and Amar8osa
Desert areas. a maximum value. In their calculations White and Chuma [1987] used pure water to represent the composition of recharge water and allowed calcium carbonate (containing 100 percent dead carbon) to dissolve until the composition of the simulated ground water was the same as the composition of the actual ground water. The quantity of dead carbon input to the water was then used to correct the •4C age of the sample. However, distributionof-species and saturation-state calculations using EQ3NR indicate that present-day floodwaters (thought to represent the recharge source for J-12, J-13 and UE-29a # 2 ground water [Claassen, 1985] The locations of storm moisture sources were estimated for each precipitation episode using synoptic weather charts, precipitation measurements, satellite photographs, and other meteorological observations. The principal 12,000 m. Therefore the 500-mb flow pattern provides an approximate trajectory of the mean-horizontal flow of moist air into a storm and is thus an approximate indicator of the moisture source region. In using this method of trajectory analysis it is also recognized that the principal moisture source region for a particular storm is not easy to locate; primarily because it is difficult to determine where along its trajectory the storm took on water.
Methods

Ground water from several wells located on or near
Results and Discussion
In this section the following questions are addressed:
(1) When did the last cycle of ground-water recharge occur in southern Nevada and was it synchronous with the last lake cycle in northern Nevada?
(2) Did ground-water recharge occur by infiltration of floodwater along the bottom of wash systems or did recharge occur in upland areas? [Smith, 1968] . Adjustment of the ground-water ages to account for acquisition of dead carbon during recharge and transport may further shift the distribution to younger ages (see above), but to a first approximation, the timing of the last major cycle of ground-water recharge in the Yucca Mountain and Amargosa Desert areas seems to be nearly synchronous with the last lake cycle in northern Nevada. Ground-water samples older than 19,000 yr B.P. have not been reported, and only one sample younger than 9000 yr B.P. (well UE-293#2, Table la 
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Part of the scatter in bD-b180 and the large variation in d values for
Amargosa Desert ground water is probably due to evaporation during or after infiltration of the relatively shallow ground water [Claassen, 1985] . However, in the case of Yucca Mountain ground water, a change in the relative humidity of air over the moisture-source area best accounts for the departure of Yucca Mountain ground water from the MWL. Ground-water samples from five test wells plot on or within 2 ø/o o bD (the measurement precision) of the MWL (Figure 9 ). Although we cannot be completely certain, we contend this indicates that the evaporation process has had a minimal effect on the isotopic composition of ground water; i.e., ground water at the well USW H-3 site was recharged 18,000 yr B.P., but its isotopic con- The calculation indicates that the temperature of condensation was about minus 5 øC about 18,500 yr B.P. and increased to about 0 øC by 9000 yr B.P. The temperature of condensation of the 4000 year-old-water from UE-29a # 2 also was 0 ø C, which indicates that the temperature of condensation of precipitation infiltrating to the water table did not change appreciably between 9000 and 4000 yr B.P.
The 5 øC depression of air temperature at high altitudes 18,500 yr B.P. is similar to the results of Dohrenwend's [1984] study of nivation landforms in the high mountains of the Great Basin. He concluded that an approximate 7 øC full-glacial mean-annual temperature depression occurred throughout the Great Basin. The absolute values of the temperature of condensation at 18,500 and 9000 yr B.P. are quite low when compared to present-day mean-annual air temperatures (8 to 10 øC) recorded at Pahute Mesa (Jan-Hwa Chu, National Weather Service, Nuclear Support Office, NOAA, written comm., 1987). In fact the present average cold-season (November through February) temperature for Pahute Mesa is about 0 øC. This indicates that condensation temperatures of recharge that occurred between 18,500 and 9000 yr B.P. were significantly lower than today's coldseason mean-monthly air temperatures.
In the following sections the stable-isotope concentration in precipitation will be compared with time, temperature, altitude, and air-parcel trajectories of present-day storm systems in order to determine the change in synoptic climate that caused the 3.0 ø/o o shift in 6 • 80. The change in synoptic climate is then used to suggest a hypothesis that accounts for the asynchroneity of lake and mountain-glacier cycles.
Relation of Stable-Isotope Concentrations in Precipitation to the Present-
Day MWL
A plot of isotopic data for snow and rain collected during this study is shown in Figure 12 . Precipitation samples were not analyzed for 6D after March 10, 1986. The data indicate substantial variability along the MWL; e.g., 6180 ranges from minus 22.5 to plus 7.5 ø/oo and a significant degree of departure from the MWL. On the scale of this plot the area occupied by Yucca Mountain, Crater Flat, and Fortymile Canyon ground water (Table  1) The concept of air-parcel classification originated with Scandinavian meteorologists in the 1920's, and the principal air parcels affecting the Great Basin are designated as maritime polar (mP), maritime tropical (mT), continental tropical (cT), continental polar (cP), and arctic (A) [Byers, 1959] . Each of these air masses may generally be identified with source region, seasonal occurrence, and air-parcel trajectory (Figure 21) . A subclassification derived by Bergeron [1930] includes mP k and cP k polar air parcels that are colder than the the surface over which they flow. They are, thus, subject to rapid modification leading to thermal instability which often results in convective showers. When an air parcel passes through a region on the boundary of two source areas, or when the air parcel entraines moisture from two source regions (convergent flow), a mixed classification is used; e.g., mT/mP. In this and following sections reference will be made to the jetstream. We will use this term to mean a quasi- Comparison of air-parcel isotope concentrations (Table 5 ) and the isotope concentration in Yucca Mountain ground water (Table la) and glacial age boundary conditions. The results of those AGCM simulations for perpetual January and July climates, pertinent to this study, are shown in Figure 23 . Kutzbach [ 1987] summarizes the temporal behavior of the North American jetstreams for the months of July and January as follows: "... In July, the split flow around the North American ice sheet at 18,000 yr B.P. persisted at 15,000 yr B.P. with almost no change. By 12,000 yr B.P. two important changes had occurred. First, the northern branch of the jet moved south, over and along the southern flank of the ice sheet, and merged with the southern branch over the northeastern USA. This large change must have been related to the reduced size and height of the ice sheet .... The jet at 9000 yr B.P. followed about the same track as at 12,000 yr B.P., but with weakened intensity. At 6000 yr B.P., and thereafter, only a single jet core was simulated over Alaska and northern Canada, and winds were weak compared to earlier times. In summary the modem single jet core of July follows generally the same track as the northern branch of the split jet during July at the time of the glacial minimum. The southern branch of the split jet during glacial summers has no modern counterpart in July but resembles somewhat a modern January feature. The 12,000 to 9000 yr B.P. patterns are transitional between glacial maximum and modern patterns .... In January, the split flow around the North American ice sheet and the intense North American/North Atlantic jet core at 18,000 yr B.P. persisted at 15,000 yr B.P. with almost no change. By 12,000 yr B.P. the flow had adjusted to a single core of maximum winds that followed the "west-coast ridge, east-coast trough" pattern of today; i.e., the patterns of 12,000, 9000, 6000, 3000, and 0 yr B.P. all have a single flow maximum rather than the split flow. At 12,000 yr B.P., however, the jet maximum was almost as strong as at 18,000 to 12,000 yr B.P. (except in the southern USA); whereas, by 9000 yr B.P., the jet core strength was significantly weakened and similar to that of today."
Since 1948 [Kutzbach and Guetter, 1986] . The recession of montane glaciers prior to the Lake Lahontan highstand 14,000 to 12,500 yr B.P. is interpreted to have resulted in part from a progressive increase in the cold-season temperature. As pointed out by one of the reviewers (Fred Phillips, written comm., 1988), a small increase in winter temperature would probably not have a large effect on glacier mass balance. Glaciers are sensitive to two variables: winter precipitation and summer temperature. Therefore we suggest that glacier recession was due to an increase in the temperatures of both cold and warm seasons. The rise in Lake Lahontan between about 15,000 and 14,000 yr B.P. may have been caused
